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QUARTERLY RESEARCH REPORT TO THE NASA MANNED SPACECr'AFT CENTER
THE MEASUREMENT OF RADIATION rXPOSURF OF
ASTRONAUTS BY RADIOCHEMICAL TECHNIQUES
October 2, 1972 Through December 31, 1972
R. L. Brodzinski
ABSTRACT
A cosmic radiation dose to the Apollu 16 crew of 180 + 100 mR
was calculated from the specific activities of 22 Na and 24 Nain
pre and postflight urine specimens. The specific activities of
51 Cr and 60 Coare higher in postflight specimens than in pre-
flight specimens, presumably due to a postflight injection of
radiochromium. The 59 Feand 137 Cs specific activities are also
reported and appear to be normal.
The radiation doses received by a pilot and a navigator
flying a high altitude mission during the solar flare of August
4-9, 1972 were calculated from the specific activity of 24 Nain
their urine. These values are compared with the expected radiation
dose calculated from the known shape and intensity of the proton
spectrum. They demonstrate the magnitude of atmospheric shield-
ing.
The concentrations of Ca, Na, Rb, Cs, Cr, Fe, Co, Ag, Zn,
Hg, As, Sb, Se, Br, Sc, Hf, and Tu were measured in urine specimens
from the Apollo 16 astronauts by neutron activation analysis.
Scandium, hafnium, and tantalum concentrations arQ reported for
the first time. The concentrations and excretion rates of Ca,
Zn, As, and Se are normal. Sodium, rubidium, cesium, and bromine
el>'nibit significantly reduced postflight excretion rates, whereas
chromium and silver are generally higher in these samples. The
concentrations and excretion rates of Fe and Co are the lowest
ever observed; those of Fg and Sb are lower than the high values
measured after the Apollo 14 and 15 missions.
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THE MEASUREMENT OF RADIATION .EXPOSURE OF
ASTRONAUTS BY RADIOCHFMICAL TECHNIQUES
Determination of the Radionuclide Content of Feces
and Urine from Astronauts Engaged in Spade Flight
Astronauts engaged in space flight are subjected to cosmic
radiation ;ihich indices radioactive isotopes in their bodies. The
radiation dose received from cosmic parti;les can be determined
from the quantities of these induced radionuclides. 11 The con-
centrations of their induced activities can be ascertained by
direct whole-body counting of the astronauts, or by indirect meas-
urement such as counting that fraction of the radionuclides excreted
in feces and urine. This latter approach has been used on all
manned Apollo mi..-ions. In addition to the induced activities,
several fallout, injected, or naturally occurring radioisotopes
have been measured; variations in their concentrations may he indic-
ative of changes in the biological life processes encountered in
the space environment.
The concentrations of the radioisotopes listed in Table I have
been normalized by dividing each decay-corrected disintegration
rate by the weight of the respective stable element in the sample.
All samples were handled according to procedures described earlier. 1)
A cosmic radiation dose to the Apollo 16 crew of 180 + 100 mR was
calculated by comparing the radiosodium concentrations in their
urine to those in the urine of radiothe, <.apy patients. (2)  This val-
is slightly lower than that previously reported (3) which was based
on radiosodium activities normalized to the vo3ume of urine rather
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rather than the more accurate normalization used here.
The high specific activities of 51 Crobserved in the post-
flight specimens reflect the injection of relatively large amounts
of this radioisotope shortly after recovery. The unusually high
60 Cospe .::ific activities observed in two of the postflight specimens
are assumed to arise from contamination present in the radiochronlium
tracer. The 59 Feand 137 Csactivities are normal and within the
range of values reported for previous missions.
The pre and postflight urine specimens from the Apollo 17
astronauts are presently being analyzed for their radionuclide con-
tent; the results will be presented in a later report.
During the period of August 4-9, 1972, an exceptionally intense
solar flare took place. The proton flux incidei
this event was monitored by orbiting satellites
intervals (10-30 MeV, 30-60 MeV, and > 60 MeV).
energies of these intervals are 13.4, 37.8, and
The urine from the pilot and the navigator on a
sampling mission flown during this flare by the
it on the earth from
in three energy
The weighted average
85 MeV, respectively.
high altitude air
United States Air
Force was collected and analyzed shortly after touchdown for its
24 Nacontent. Almost all of the solar protons were attenuated in
the atmosphere above the aircraft. However, secondary neutrons gen-
erated in the air delivered a radiation dose to this pilot and nav-
igator similar to the radiation dose received by the astronauts from
secondary neutrons generated in the hull of their spacecraft.
P.1though the peak intensity of the flare was more than 100 times
higher than at the time of the air sampling flight, the particle
-6-	 BNWL-1183 13
flux was still high enough to deliver a primary particle radiation
dose of 35.49 gm rad cm above the atmosphere. A 70 kg man exposed
to this solar excursion without the benefit of atmospheric or air-
craft shielding would have sustained a radiation dose of 1.55 rad.
From the specific activities of 24 Nain the urine of the pilot
and the navigator, < 0.76 d/m/g Na and 5.23 + 0.99 d/m/g Na, radia-
tion doses of < 0.12 mR and 0.86 + 0.16 mR, respectively, were cal-
culated in comparison to specific activities of 24 Nain the urine
of neutron-irradiated radiotherapy patients. (2) The total effective
atmospheric shielding was greater than 100 g cm-2 , and the radiation
dose reduction was greater than 1800-fold. This was expected for
such a large shielding value and agrees with similar findings from
an earlier solar flare. (3) Astronauts in space, however, have only
their spacecraft to shield then from solar particles, and they would
have received radiation doses several orders of magnitude higher
than this pilot and navigator had they been in space during this
solar flare.
-7-	 BNWL-118 3 13
Neutron Activation Analysis of Feces and Urine
from Astronauts Engaged in Space Flight
This program was initiated in an attempt to foresee any possible
metabolic changes in astronauts caused by conditions of weightless-
ness and prolonged physical inactivity which might have been man-
ifested by an uptake or loss of an element or elements by their
bodies. The primary conct.rn had been the terrestrially observed
phenomenon of osteoporosis (loss of skeletal calcium), although
changes in the uptake and excretion rates of other essential micro-
constituents of the body, such as Co, Fe, Se, and the alkali metals,
were also important.
The concentrations of Ca, Na, Rb, Cs, Cr, Fe, Co, Ag, Zn, Hg,
As, Sb, Se, Br, Sc, Hf, and Ta have been measured in the pre and
postflight urine specimens from the Apollo 15 astronauts by the
previously described technique of instrumental neutron activation
analysis (11	 The results are reported in Tables II through V.
The urinary concentrations and daily excretion rates of Sc,
Hf, and Ta have not been measured previously, and the significance
of the data is not immediately apparent. The urinary concentrations
and excretion rates of Ca, Zn, As, and Se are all normal and indicate
no loss or uptake of these elements by the astronauts.
Sodium, rubidium, cesium, and bromine exhibit significantly
reduced excretion rates in postflight samples when compared to pre-
flight specimens. Sodium, for example, demonstrates the lowest rate
in the R+O samples for all astronauts, whereas the R+1 rates again
approach preflight levels. The same is true for Rb and Cs rates
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TABLE V
Sc, Hf, AND Ta CONCENTRATIONS IN APOLLO 16 ASTRONAUT URINE SAMPLES
Flight
Astronaut Period Sc Hf
yg/ml n9/day	 u^/ml	 u	 da
CDR F-30 0.00000404 8.48
C14P F-30 0.0000203 11.7	 0.0198	 11.4
LMP F- 30 0.00000240 5.29
CDR F-15 0.00000590 5.28
CNP P-15 0.00000715 5.11
LNP F-15 0.00000497 8.15
CDR F-5 0.00000366 6.53
CMP F-5 0.0000180 16.2
LHP F-5 0.0000306 76.0
Ta
u ml p /day
0.0428	 24.6
CDR R+0 0.00000827 6.74
CNP R+0 0.0000115 6.67	 0.00922
LMP R+0 0.0000253 23.8
CDR R+l 0 . 00000189 2.27
LMP R+1 0.00000554 10.7
5.35 0.0192	 11.1
-12-	 BNWL-1183 13
for the CDR and CMP (but not the LMP). The CMP , R+O specimen re-
flects the lowest observed excretion rate for these elements.
These observations are apparently associated with some physiological
phenomenon occasioned by space flight which effectively "shuts off"
elimination of the alkali metals and their ionic counterparts,
Br and (presumably) Cl.
The opposite effect is observed in the urinary excretion rates
and concentrations cf Cr and Ag. In these cases, postflight value
are generally higher than preflight levels. The high chromium
levels are presumably due to the postflight injection of a radio-
chromium tracer, whereas the increased excretion of silver is more
likely due to ingestion of increased quantities of silver during
the mission.
The reported concentrations and rates for Fe and Co are the
lowest ever observed and are significantly lower values than nor-
mally expected. (1)
 Similarly, the reported data for Hg and Sb
indicate a reversal of the inflated rates and concentrations
observed in the Apollo 14 and 15 mission specimens (3) and render
the high values observed for these two earlier missions even more
of an anomaly than was originally suspected.
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EXPENDITURES
Table VI lists the expenditures according to the task and
the total cost incurred from October 2, 1972 through December 31,
1972.
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Table vi
EXPENDITURES
TASK
Determination of the Radionuclide Content of
Feces and Urine from Astronauts Engaged in
Space Flight
Neutron Activation Analysis of Feces and Urine
from Astronauts Engaged in Space Flight
EXPENDITURES
$ 1,658
2,516
TOTAL COSTS
	 $ 41174
Battelle Northwest,
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